In mating systems where individuals pair, separate and re-pair repeatedly (i.e. serial monogamy), some males monopolize more than one female's reproductive life span and thus leave other males e¡ectively mateless. Males who cannot secure females through traditional methods may seek alternatives, such as rape, to ensure gene passage into future generations. Analysis of US government records shows that (i) divorce and remarriage patterns in the United States are likely to increase the variance in male reproductive success, and (ii) rates of divorce and rape correlate positively. The former result suggests that serial monogamy increases the variance in male, relative to female, reproductive success and the latter result suggests that this variance in£uences the frequency of rape in American society. Because raped females sometimes become pregnant and take these pregnancies to term, our results indicate that rape has current adaptive signi¢cance.
INTRODUCTION
Serial monogamy describes a societal mating practice in which individuals engage in sequential monogamous pairings (Wright 1994 ). American society, in which the pattern of marriage, divorce and remarriage is common, can thus be considered serially monogamous. Because Americans have a male-to-female sex ratio close to 1:1, for every male that pairs with multiple females and monopolizes more than the equivalent of one female's reproductive life span, there must be a male that receives less than a full equivalent. From an evolutionary perspective, this variance in male reproductive success should drive mateless males to adopt alternative reproductive tactics or risk being outcompeted by more successful males (Gross 1996) .
For males to monopolize more than one female's reproductive life span, males should marry women younger than themselves and, after divorce, remarry women younger than their previous wife. Kunz & Kunz (1994) uncovered this trend through an examination of 3246 marriage licences ¢led in Salt Lake City, Utah. The discrepancy between male and female age at marriage was larger for previously married males than for previously single males (on average, males were consistently older than their wives). Thus, some males may extract more than the equivalent of one female reproductive life span through the process of marriage and divorce.
Serial monogamy may lead to other indicators of increased variance in male, relative to female, reproductive success. For example, sequentially monopolizing the reproductive life span of multiple females could lead to a disproportionate number of males who will never marry: if males are more likely than females to remarry, then males who remarry must exploit the single female population. Indeed, this seems to be the case. Data gathered by the US government indicate that (i) almost a third of all male marriages are remarriages; (ii) the ratio of male-tofemale remarriage is roughly 3:1; and (iii) the population of females who have never married is smaller than that of the males (see } 3). It thus appears that serial monogamy is common and likely to increase the variance in male reproductive success by creating a de¢cit of single females and a situation where some males can divorce and remarry younger women. Males who are being outcompeted, i.e. those males with relatively low reproductive success, may seek alternative methods to increase the likelihood of successfully getting o¡spring into the next generation (Gross 1996) .
One possible alternative reproductive tactic for mateless males is rape, because rape ensures that males obtain copulations and may provide a direct ¢tness pay-o¡ (Thornhill & Thornhill 1983; Palmer 1989; Thornhill & Thornhill 1992) . Previous reports indicate that most rapists are economically disadvantaged young males unlikely to secure mates (Thornhill & Thornhill 1983) , that rape victims are predominantly young, and thus fertile females (Thornhill & Thornhill 1983) , and that raped women sometimes become pregnant (Evrard & Gold 1979; Thornhill & Thornhill 1983; Tintinalli & Hoelzer 1985; Palmer 1991; Beebe 1991; Goodman et al. 1993; Holmes et al. 1996) and take these pregnancies to term (Holmes et al. 1996) . Indeed, from a sample of over 4000 American women, Holmes et al. (1996) estimated that over 32 000 pregnancies result from rape each year and that over 38% of these pregnancies are taken to term.
We investigated the hypothesis that serial monogamy a¡ects the rate of rape in the United States. To examine this hypothesis we compared divorce and rape rates. Our logic is as follows: (1) divorce leads to serial monogamy; (2) serial monogamy increases variance in male reproductive success; and (3) increased variance in male reproductive success in£uences some males to rape as an alternative reproductive tactic (¢gure 1). Although there are inherent di¤culties in interpreting results of regression analyses (see ½ 4), experimental manipulation is impossible for obvious ethical reasons. Thus, correlational analysis provides the most powerful tool currently available to examine this hypothesis.
METHODS
To examine US population characteristics that may indicate increased variance in male, relative to female, reproductive success and to investigate the hypothesis that serial monogamy a¡ects the rate of rape, we gathered data published by the US federal government (table 1) . Due to year-to-year di¡erences in data presentation and/or collection methods, not all years between 1960 and 1995 are represented in the population characteristics. We were able to obtain data for overall US rates of rape and divorce for 1960^1995 and State-speci¢c rates for 1965, 1975, 1985 and 1994 (the last year for which these data were available). The years for which State-speci¢c data were gathered were selected at roughly ten-year intervals to be representative of each time-period; the remaining years were not examined.
RESULTS

(a) Population characteristics
The male-to-female birth sex ratio was 1.05:1 whereas the male-to-female adult sex ratio was 0.95:1 (¢gure 2). This result indicates higher male mortality. Although adult females outnumbered adult males, there were signi¢cantly fewer females who have never married than males who have never married (paired t-test, t 23ˆ2 3.69, p 5 0.0001; ¢gure 2). This result may arise because males remarried at a greater rate than females (male, 112.48 § 2.71; female, 37.43 § 0.47; paired t-test, p 5 0.0001; ¢gure 3), thus these remarrying males may have depleted the single female pool.
In addition, males remarried more rapidly than females (paired t-test, t 18ˆ3 0.92, p 5 0.0001; ¢gure 3), were older than their wives at the times of both their ¢rst and second marriage (¢gure 4), and remarried women younger than their previous wife (paired t-test, t 25ˆ4 4.25, p 5 0.0001; ¢gure 4). Combined, these data strongly suggest that some American males are monopolizing more than one female's reproductive life span and thus American males may have more variance in reproductive success than their female counterparts.
(b) Rape and divorce
Multiple regression analysis uncovered a strong positive relationship between the rate of rape and both the divorce rate and time (table 2). The relationship between rape and divorce was signi¢cant within years when comparing across individual States (table 2) . These results suggest a consistent relationship between rape and divorce. Alexander et al. (1979) concluded that human males had greater variance in reproductive success than human females based on morphological (i.e. sexual dimorphism), population (i.e. sex ratio) and life-history (i.e. mortality) characteristics. We present behavioural data supporting this conclusion: (i) more males than females never marry (¢gure 2); (ii) males remarry at a greater rate than females (¢gure 3); (iii) males remarry more rapidly than females (¢gure 3); (iv) husbands are typically older than their wives (¢gure 4); and (v) the age di¡erence between married couples increases as males remarry (¢gure 4). Combined, these data strongly suggest that males in the United States have more variable reproductive success than females. Because some of this variation in reproductive success can be attributed to serially monogamous mating practices, the divorce rate should be an indicator of the relative degree of variance in male reproductive success. Increased variation in male reproductive success may in£uence individuals who cannot compete with the standard reproductive tactic to alter their tactics (Gross 1996) . Although multiple alternative tactics may be available to outcompeted males, one obvious alternative is rape (Thornhill & Thornhill 1983) . Indeed, rape is likely to confer a ¢tness pay-o¡ because some raped females become pregnant (Evrard & Gold 1979; Thornhill & Thornhill 1983; Tintinalli & Hoelzer 1985; Palmer 1991; Beebe 1991; Goodman et al. 1993; Holmes et al. 1996) and take these pregnancies to term (Holmes et al. 1996) .
DISCUSSION
Our analysis shows that both the rate of divorce and year correlated positively with the rate of rape in the United States (table 2) . A gradual increase in reporting rape could drive the correlation between rape and year, but the analysis also reveals a stronger, alarmingly high correlation between rape and divorce. This relationship is signi¢cant within years when comparing across individual States (table 2), suggesting that this correlation is not a by-product of an unstable age distribution (i.e. an artefact of an ageing`baby-boom' generation). This correlation may not have been surprising if both rape and divorce had been steadily increasing, but in recent years both have decreased in frequency. Thus, our results suggest that the pattern of divorce and remarriage leads to increased variance in male reproductive success and that this variance may in£uence outcompeted males to rape as an alternative reproductive tactic. Because divorce rate often varied only slightly between years and between States, these data suggest that males are sensitive to small changes in the degree of serial monogamy. Surprisingly, existing evidence suggests that the per event reproductive success rate of rape may exceed that of nonrape. Data gathered from a US national sample of women indicated that the probability of a reproductively viable woman becoming pregnant was 5.0% per rape (Holmes et al. 1996) . This value is higher than a World Health Organization estimate: out of 6467 non-contracepting reproductive cycles, in which at least one coital event occurred, only 1.2% resulted in pregnancy (World Health Organization 1983). In addition, 11.8% of pregnancies resulting from rape ended in spontaneous abortion (Holmes et al. 1996) , whereas the overall spontaneous abortion rate in the US is 13.8% (Saraiya et al. 1999) . Thus, the rape tactic may exceed that of non-rape tactics in both the probability of impregnating women and in the probability of foetus survival.
This disturbing interpretation is speculative and these data are preliminary. Due to di¡erences in data collection, the studies cited above are possibly not suitable for direct comparison. However, if these data are accurate, at least three non-mutually exclusive adaptive hypotheses may explain these results: (i) rapists can detect when women are most likely to conceive, and preferentially attack at that time; (ii) rapists can detect women who are most likely to carry a child to term and preferentially attack these women; and/or (iii) rapists invest more energy, per copulation, in terms of sperm production and/or force of ejaculation than non-rapists. To the best of our knowledge, no data support hypotheses (i) and (iii), but the fact that rapists tend to attack females who are in their peak reproductive years (Thornhill & Thornhill 1983 ) provides support for hypothesis (ii). An additional
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Proc. R. Soc. Lond. B (2000) 1965, 1975, 1985, and 1994 number of divorces per 1000 population 3 rape rate (overall) 1960^1995 number of rapes per 100 000 inhabitants 5 rape rate (State and year speci¢c) 1965, 1975, 1985, and 1994 number of rapes per 100 000 inhabitants 5 non-adaptive hypothesis, which we favour but cannot support, is that the likelihood of reporting rape greatly increases if the rape results in pregnancy, thus explaining the high probability of pregnancy per rape. Rape is a complex behaviour, and thinking it could be explained only as an alternative tactic in the male reproductive strategy would be naive. Rape, in some circumstances, may be a by-product of heightened male sexual arousal (Palmer 1991) . Indeed, the range of rape victims includes those that could not possibly provide a direct ¢tness pay-o¡ to the rapist (i.e. children, postmenopausal women, other males, etc.). However, rape sometimes provides a ¢tness pay-o¡, and our data suggest that the frequency of rape varies predictably with variance in male reproductive success. This correlation is explicitly predicted by the`rape as an alternative tactic' hypothesis, while not being a clear prediction of the`rape as a by-product' hypothesis. Thus, we believe that a complete explanation of rape must include an evolutionary approach to the alternative tactics in male sexual behaviour. In summary, we present the following argument: (i) divorce leads to serial monogamy; (ii) serial monogamy increases variance in male reproductive success; and (iii) increased variance in male reproductive success in£uences some males to rape as an alternative reproductive tactic (¢gure 1). Demographic data (¢gures 2^4) and the relationship between divorce and rape (table 2) supports this argument. This study does not suggest that only divorce leads to rape. Indeed, our suggestion is that anything that leads to increased variance in male reproductive success will increase the prevalence of alternative male reproductive tactics, e.g. rape. However, because of the mating pattern (i.e. serial monogamy), divorce may be an exceptionally good predictor of the behaviour in the US.
We have described a relationship that supports the hypothesis that rape is an alternative reproductive tactic. This explanation is evolutionary in that it describes a behaviour performed to increase the probability of gene transfer to future generations. We have not addressed the proximate mechanisms of the performance of this behaviour (see Malamuth & Heilman (1998) for a review of mechanisms). It has been suggested that rape is about male power over, or hatred of, women. While these hypotheses may be correct, they do not con£ict with our conclusion. Males who receive little or no reproductive opportunity may feel hatred towards women and express that anger through rape. However, forced copulations (i.e. rape) may lead to the production of o¡spring and thus have evolutionary implications.
It is important to note that correlational relationships may suggest, but on their own do not conclusively establish, causation. Our argument here is that increased variance in male reproductive success in£uences some males to engage in alternative reproductive tactics, and we use a likely correlate of this variance (i.e. divorce) in our analysis. It is possible that divorce is linearly related to another variable, and that this other variable is more indicative of causal factors. In our multiple linear regression we used both year' and`divorce' as independent variables, thereby controlling for other factors which may vary predictably with time, such as the likelihood of reporting rape, societal attitudes towards sex, etc. Despite this control in our analysis, a signi¢cant positive partial correlation between rape and divorce still emerged. (Naturally, factors which vary predictably with time were irrelevant in the withinyear analyses, which also showed a signi¢cant positive relationship between rape and divorce. ) Although these results should be viewed cautiously due to the nature of the analysis, it is important to note that these results are explicitly predicted by the rape as an alternative reproductive tactic hypothesis, and thus provide the most critical support for the hypothesis to date.
In closing, this study does not suggest that rapists are conscious of the ultimate factors leading to the performance of this tactic, that serial monogamy is the only factor in£uencing rape, or that individuals who have experienced divorce are more likely to rape than those who have not. Our report is not a justi¢cation of rape and does not promote remaining in a bad marriage. However, our analyses reveal a strong positive correlation between rape and divorce, suggesting that the degree of serial monogamy in America in£uences the frequency of rape. Finally, because males are sensitive to small changes in the degree of serial monogamy, and because raped females sometimes become pregnant and take these pregnancies to term, these results suggest that rape has current adaptive signi¢cance.
